Recently, we reported the structures of thirteen pyrrolidine or pyrrolizidine alkaloids, broussonetines A-H, K, L, N and broussonetinines A and B, as glycosidase inhibitors and two pyrrolidinyl piperidine alkaloids, broussonetines I and J, from Broussonetia kazinoki SIEB. (Moraceae). [1] [2] [3] [4] [5] [6] In our latest work, we obtained four new pyrrolidine alkaloids, broussonetines M (1), O (2), P (3) and Q (4) (Fig. 1) , from the same tree. The present report deals with the isolation, structural elucidation including absolute stereostructures and inhibitory activity on some glycosidases.
. These data were strikingly similar to those of broussonetine C, 1) except for an additional oxymethine signal and disappearance of two signals due to methylene groups attached to a carbonyl group. Thus, 1 was concluded to be the compound following reduction of the carbonyl group of broussonetine C. The 1 H-and 13 C-NMR signals were assigned by 1 H-1 H correlated spectroscopy ( 1 H-1 H COSY), total correlation spectroscopy (TOCSY), heteronuclear signal quantum coherence (HSQC), distortionless enhancement by polarization transfer (DEPT), and heteronuclear multiple bond correlation (HMBC), as shown in Tables 1 and 2 .
The relative stereochemistry of the pyrrolidine moiety in 1 was disclosed by the vicinal coupling constants (J 2,3 ϭ J 3,4 ϭJ 4,5 ϭ6.4 Hz) and nuclear Overhauser effects (NOEs) in the nuclear Overhauser enhancement and exchange spectroscopy (NOESY) spectrum: NOEs were observed between H-2 and H-4, and H-3 and H-5 to establish the 2b-hydroxymethyl-3a,4b-dihydroxy-5a-alkylpyrrolidine structure.
The absolute stereochemistry of the pyrrolidine moiety and C-10Ј in 1 was determined by a new modification of Mosher's method. 7) A cyclic carbamate (1a) was prepared from 1 by reaction with phenyl chlorocarbonate in teterahydrofuran (THF) : H 2 O (7 : 3). 1 H-NMR signals of the tetra (S)-and (R)-2-methoxy-2-phenyl-2-(trifluoromethyl) acetic acid (MTPA) esters (1bS, 1bR) prepared from 1a were assigned by analyzing the 1 H-1 H COSY (500 MHz) spectra, and the Dd (ϭd S Ϫd R ) values were measured respectively: these values established the (S) configuration at C-10Ј (Fig.  2) . In addition, the Dd values of the pyrrolidine moiety in 1b coincided with those in the tri-MTPA esters prepared from broussonetines I and J. 4) Thus, the absolute stereostructure of 1 was formulated as (2R,3R,4R,5R)-2-hydroxymethyl-3,4-dihydroxy- Tables 1 and 2 .
The absolute stereochemistry of the pyrrolidine ring moieties in 2 and 3 was established by comparison of the values of [a] D ϩ22.7°(2) and ϩ28.8°(3), with that of broussonetine C (ϩ25.0°).
Thus, 2 and 3 were formulated as (2R,3R,4R,5R)-2-hydroxymethyl-3,4-dihydroxy-5-[(E) 9-oxo-13-hydroxy-3-tridecenyl]pyrrolidine and (2R,3R,4R,5R)-2-hydroxymethyl-3,4-dihydroxy-5-[(E)10-oxo-13-hydroxy-3-tridecenyl)pyrrolidine.
Compound The inhibitory activities of 1-4, 1-deoxynojirimycin (DNJ), 8, 9) 1-deoxygalactonojirimycin (DGJ), and 1-deoxymannojirimycin (DMJ) 8, 9) were assayed with respect to aglucosidase, b-glucosidase, b-galaclosidase, a-mannosidase and b-mannosidase by the methods described in the Experimental section and the results are summarized in Table 3 .
Broussonetines M (1) inhibited b-galactosidase and broussonetines O (2), P (3), and Q (4) inhibited b-glucosidase, bgalactosidase and b-mannosidase.
Experimental
General The instruments used in this work were: a JASCO digital polarimeter (for specific rotation, measured at 25°C); a Perkin-Elmer 1720X-FTIR spectrometer (for IR spectra); a Hitachi M-80 spectrometer (for MS spectra); a Varian Mercury 300, unity Inova-500 (for NMR spectra, measured in pyridine-d 5 , on the d scale using tetramethylsilane as an internal standard); a Shimadzu spectrophotometer UV 1200 (for enzyme assay).
Column chromatography was carried out on an ion exchange resin (Amberlite CG-50, Amberlite IRA-67/Orugano Company and Dowex 50W-X4/the Dow Chemical Company), and silica-gel (Chromatorex DM1020/Fuji Silysia Chemical Ltd.). HPLC was conducted using a Gilson 305 pump or a JASCO PU 980 equipped with a JASCO 830-RI or UV-970 as a detector. Silica-gel 60 F 254 (Merck) precoated TLC plates were used, developed in a CHCl 3 -MeOH-AcOH-H 2 O (20 : 10 : 7 : 5) solvent system, and detection was carried out with the ninhydrin reagent followed by heating.
Isolation of 1-4 Dried branches of Broussonetia kazinoki (7.5 kg, collected in Takatsuki City (Osaka) in 1998) were cut finely and then extracted with hot water (40 lϫ3) for 2 h. The extracted solution was chromatographed on an Amberlite CG-50 (H ϩ -form) column (8 l, i.d. 6.5Ϫ30 cm, repeated 8 times ). After washing the column with water and then 50% MeOH, the adsorbed material was eluted with 50% MeOH-28% ammonia solution (9 : 1). The eluted fraction was concentrated in vacuo to give a basic fraction (35.3 g). This fraction was chromatographed on a Dowex 50W-X4 column (200-400 mesh, 500 ml, i.d. 5.0ϫ30 cm) pretreated with formic acid-ammonium formate buffer (0.2 M ammonia formate, adjusted to pH 5.7 with 1 N formic acid), with gradient elution (H 2 O(2.0 l)→H 2 O-28% ammonia solution (9 : 1, 2.0 l)). The fractions containing 1, 2, 3 and 4 were rechromatographed on silica-gel (Chromatorex DM1020) using CHCl 3 
